The astrophysical rate of ^^0(a,7)^^Ne via the {p,t) reaction in inverse kinematics 
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A recoil coincidence technique has been apphed to measure the a-decay branching ratios of near- 
threshold states in ^^Ne. Populating these states using the (p,t) reaction in inverse kinematics, 
we detected the recoils and their decay products with 100% geometric efficiency using a magnetic 
spectrometer. Combining our branching ratio measurements with independent determinations of 
the radiative widths of these states, we calculate the astrophysical rate of ^^0(a, 7)^®Ne. Using 
this reaction rate, we perform hydrodynamic calculations of nova outbursts and conclude that no 
significant breakout from the hot CNO cycles into the rp process occurs in novae via ^^0(a, 7)^^Ne. 

PACS numbers: 26.30.+k, 25.60.Jc, 26.50.+X, 27.20. +n 



I. INTRODUCTION 



Explosive thermonuclear fusion reactions on the sur- 
faces of accreting compact objects in binary star systems 
cause the astronomical phenomena of novae and x-ray 
bursts. In novae, which take place on white dwarfs, hy- 
drogen is burned at different stages of the outburst by 
combinations of the pp chains, the hot and cold CNO 
cycles, and the NeNa and MgAl cycles The main 

nuclear activity involves (p, 7) and (p, a) reactions in- 
terspersed with /3+ decays. In the case of massive ONe 
novae, marginal activity is also seen in nuclei beyond Si, 
with a likely nucleosynthetic endpoint around Ca 0] . X- 
ray bursts occur on the surfaces of neutron stars, where 
high peak temperatures allow significant nucleosynthe- 
sis beyond Ca. During these violent thermonuclear run- 
aways, helium is burned via the 3a reaction, and interme- 
diate mass nuclei (F through Sc) are produced through 
the ap process, a succession of (a,p) and (p, 7) reactions 
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0. Heavier nuclei are synthesized via the rp process 
0,13, a sequence of rapid proton captures and (3^ decays 
which further processes seed nuclei left by the ap process. 
Nucleosynthesis in x-ray bursts is limited by a closed 
SnSbTe cycle 0. Three reactions potentially important 
for breakout from the hot CNO cycles have been iden- 
tified, i50(a,7)i9Ne, i8F(p, 7)i9Ne, and i8Ne(a,p)2iNa 
7] . This paper is concerned with the first of these. Direct 
measurements of the ^^0(Q;,7)^^Ne reaction at astrophys- 
ically relevant energies have not yet been performed, as 
the small cross sections would require very high intensity 
radioactive "'^^O beams. Currently, the best information 
about the astrophysical reaction rate comes from studies 
of the decay properties of resonances in ^^Ne that con- 
tribute to the reaction at the relevant temperatures of 
0.1 - 2 GK. 

Calculation of the reaction rate requires the a widths 
Fq and radiative widths F^ of states in ^^Ne lying just 
above the a-emission threshold at 3.529 MeV. Since these 
states lie below the proton and neutron separation ener- 
gies of 6.4 and 11.6 MeV respectively they can only 
decay by the emission of a particles or 7 rays. Hence 
knowledge of either the radiative width or the total width 
F of a state plus its a-decay branching ratio Bq, is suf- 
ficient to determine its contribution to the astrophysical 
reaction rate. In the past, a-decay branching ratios for 
these states have been measured by populating the states 
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FIG. 1: Experimental setup for the measurement of a-decay 
branching ratios of states in ^^Ne using a recoil coincidence 
technique at the Big-Bite Spectrometer of the KVI. 



in transfer reactions and using solid-state detectors to 
count either a particles 9,, IQ], or both a particles and 
^^O nuclei IllJ from the subsequent decays. While these 
studies provided valuable data on higher- lying states, 
none yielded useful information on the 3/2+ level at 4.033 
MeV which dominates the ^^0(a, 7)^^Ne reaction rate at 
the temperatures found e.g. in novae. Previously, the 
only experimental information on the contribution made 
by this state came from measurements of transfer reac- 
tions populating the analog state in the mirror nucleus 



II. EXPERIMENTAL METHOD 

We have measured the a-decay branching ratios of all 
the states in ^^Ne relevant to the astrophysical rate of 
the i^0(a,7)i^Ne reaction [3. This measurement was 
carried out at the Kernfysisch Versneller Instituut (KVI) 
using a recoil coincidence technique [T5l |. through which 
we have detected both a- and 7-decaying recoils with 
100% geometric efficiency and unambiguous discrimina- 
tion in a magnetic spectrometer. We populated states in 
-'^^Ne via the p(^'^Ne,t)"'^^Ne reaction at an incident beam 
energy of 43 MeV/u. A 910 MeV ^^Ne beam provided 
by the variable energy, superconducting cyclotron AGOR 
bombarded a 1 mg cm~^ (CH2)„ target. Both triton ejec- 
tiles and ^^Ne recoils entered the Big-Bite Spectrometer 
(BBS) 113, which was positioned at 0°. The ^^Ne re- 
coils subsequently deexcited by the emission of 7 rays, 
retaining their identities as "'^^Ne, or by the emission of a 
particles, resulting in the formation of ^^O decay prod- 
ucts. Fig. n schematically illustrates the experimental 
arrangement. 

The high geometric efficiency of the experimental setup 
is a consequence of kinematic forward focusing in this re- 
action of an energetic, heavy projectile on a light target 
nucleus. There are two solutions to the kinematics of the 
reaction at laboratory angles around 0° , one in which the 
tritons are emitted forward in the center-of-mass system, 
and one in which they are emitted backward. We have de- 
tected those emitted backward in the center-of-mass sys- 
tem, which have laboratory energies around 14 MeV/u. 
Tritons emitted at center-of-mass angles around 180° in 



inverse kinematics correspond to forward-going tritons 
emitted near 0° in the {p, t) reaction in normal kinemat- 
ics. For triton ejectiles emitted at laboratory scattering 
angles of 4° or less in this measurement, the -'^^Ne recoils 
emerge at scattering angles of less than 0.4°. The impulse 
delivered to the ^'^O decay product in an a decay results 
in an angular spread about the original ^^Ne trajectory. 
However, the high incident beam energy and low decay 
energies of the states studied limit the laboratory scatter- 
ing angles of the ^^O decay products to 1.5°, well within 
the angular acceptance of the spectrometer. Simultane- 
ous detection of both ejectile and recoil is possible in this 
configuration because the BBS has a momentum accep- 
tance of ± 9.5% and a solid angle of 9.2 msr (± 1.9° in 
the dispersive direction and ± 4.0° in the non-dispersive 
direction). 

The ^^Ne recoils and ^^O decay products were identi- 
fied and stopped in two phoswich detectors IT^ placed in 
a vacuum chamber. These phoswiches provided energy 
loss, total energy, and timing information. Each detec- 
tor is made up of a 1 mm layer of fast plastic scintillator 
(NE102A) coupled to a 5 cm layer of slow plastic scintil- 
lator (NE115). Both layers are viewed by a single pho- 
tomultiplier tube, whose signals are integrated for 40 ns 
and 400 ns in a charge-to-digital converter. The short in- 
tegration window yields energy-loss signals from the thin, 
fast plastic layer while the long window is used to obtain 
the total energy signals from the thick, stopping, slow 
plastic layer. The spatial extent of these two detectors 
(6.5 cm X 6.5 cm each) was sufficient to provide 100% 
acceptance for ^^Ne recoils and ^^O decay products from 
the excitation of ^^Ne states lying at energies up to 5.5 
MeV. This fact was confirmed by direct measurements in 
the non-dispersive direction of the spectrometer, and by 
raytracing calculations in the dispersive direction. 

Triton ejectiles were identified and stopped in a similar 
array of six phoswich detectors after passing through two 
position-sensitive vertical drift chambers (VDCs) [l^l , all 
of which were placed in air. Using the position informa- 
tion from the VDCs, we reconstructed the trajectories of 
the tritons, allowing determination of their kinetic ener- 
gies and laboratory scattering angles. Excitation energy 
resolution of 90 keV fuU-width-at-half-maximum was ob- 
tained via raytracing techniques. 

The cross section for fragmentation of the 43 MeV/u 
^^Ne beam on the C component of the (CH2)„ target is 
far larger than that for the (p, t) reaction, so the experi- 
ment required distinguishing a small signal from a large 
background of fragmentation products. An Al plate posi- 
tioned just behind the heavy-ion phoswich detectors ob- 
scured the high-magnetic-rigidity half of the focal plane 
and stopped many of the heavy fragmentation products. 
The beam was stopped in a Faraday cup located just in 
front of this plate and next to the heavy-ion phoswich 
array. 

Accurate particle identification was essential to this 
measurement. Fig. |5| shows the energy loss versus to- 
tal energy spectrum obtained from one of the triton 
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phoswich detectors. Only the region directly surround- 
ing the triton group is shown. It is clearly separated 
from the other particle groups. Fig. |21 shows a simi- 
lar spectrum obtained from the second of two heavy-ion 
phoswiches, which was used for detecting both ^^Ne and 
^^O nuclei. The separation of the different elements is 
good throughout, but the isotopic separation decreases 
with increasing mass and charge. Additional separation 
is obtained through the use of timing. Fig. 0] shows the 
time-of-flight (TOF) spectrum of the second heavy-ion 
phoswich with respect to the cyclotron radio frequency 
(RF) signal. Panel (a) shows the TOF of ions arriving in 
coincidence with low-integrated-charge hits in the triton 
phoswiches, while panel (b) shows the TOF of ions arriv- 
ing in coincidence with tritons in the triton phoswiches. 
The narrow peak evident there is due to triton-^^Ne co- 
incidences, while the broad peak underlying it is due to 
triton-^^0 coincidences. Combining such TOF, energy 
loss, and total energy information we have unambigu- 
ously identified coincidences of tritons with both ^^Ne 
and ^'"^O nuclei. 



FIG. 2: Triton phoswich integrated charge spectrum. The 
figure plots the charge collected in a 40 ns window versus 
that collected during a 400 ns window. The triton group is 
indicated. Only the low-integrated-charge region is shown 
here. 
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FIG. 3: Heavy-ion phoswich integrated charge spectrum. 
This contour plot shows the charge collected in a 40 ns win- 
dow versus that collected during a 400 ns window. The ^^Ne 
group is centered around (960,550), and the ^^O group about 
(880,500). 



III. RESULTS 

Measurements of the scattering angle and kinetic en- 
ergy of the triton ejectile are sufficient to determine the 
excitation energy of the ^^Ne recoil in this two-body re- 
action. Fig. shows a scatter plot of these quantities 
from ^^Ne-triton coincidence events, while Fig. 1^1 shows 
the same observables from -'^^0-triton coincidences. The 
curved loci in these figures represent states in ^^Ne, the 
excitation energies of which increase with increasing tri- 
ton kinetic energy. This energy dependence and the fact 
that for a given state the observed triton kinetic energy 
increases with increasing scattering angle are opposite to 
the trends usually observed simply because the tritons 
were emitted backward in the center-of-mass system. 

Fig. [3 shows the ^^Ne excitation energy spectrum ob- 
tained from ^^Ne-triton coincidences, while Fig. |S1 and 
Fig. |51 show that obtained from ^^0-triton coincidences. 
The solid curves are the sums of constant backgrounds 
and Gaussians centered at the energies of known states 
in ^^Ne The widths of the Gaussians are fixed by 

the experimental resolution, which is insufficient to com- 
pletely resolve some pairs of closely-spaced states from 
one another. In these cases, the yield to each state can 
be determined from the fit. Both the 4.033 MeV and 
4.379 MeV states, which are potentially the most im- 
portant for the astrophysical reaction rate in novae, are 
well resolved. The 3/2+, 4.033 MeV state, whose dom- 
inant shell-model configuration is (sd)^ (lp)~^ was 
copiously populated via an s-wave transfer of two neu- 
trons from the 3/2+ ground state of the ^^Ne beam to 
the proton target, as is evident from Fig. |7| The back- 
ground represents a larger fraction of the total events 
in the ^^0-triton coincidence spectrum than in the ^^Ne- 
triton coincidence spectrum, though it is still quite small. 
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FIG. 4: Heavy-ion phoswich time-of-flight spectrum. Shown 
is the time of arrival of a particle in a heavy-ion phoswich, in 
coincidence with a hit in a triton phoswich, measured with 
respect to the cyclotron radio-frequency signal. Panel (a) 
shows a TOF spectrum obtained from coincidences with low- 
integrated-charge hits in the triton phoswiches, while panel 
(b) shows the same spectrum with a gate on the triton groups 
in the triton phoswich spectra. The sharp peak near the cen- 
ter is due to ^^Ne coincidences, while the smaller, broader 
peak underlying it represents ^^O coincidences. 



A single fragmentation reaction of ^^Ne on a C nucleus 
in the target can produce ^'^O and a triton, whereas it 
can not produce ^^Ne and a triton. This accounts for 
the larger background in the a-decay spectrum compared 
with the 7-decay spectrum, where the background comes 
from random coincidences between different fragmenta- 
tion events. The fact that the BBS was set to detect ~ 14 
MeV/u tritons meant that only tritons from the extreme 
low-energy tail of the triton fragmentation distribution 
were present in the background. 

Of the nine 7-decaying states indicated in Fig. [3 only 
the four highest-lying levels can also be seen in the a- 
decay spectrum, Fig. |^ The reason for this is that the 
decay energy of the lower-lying states is insufRcient to 
permit appreciable transmission of a particles through 
the Coulomb and centrifugal barriers. No a decay from 
the 4.140 MeV and 4.197 MeV states was anticipated, as 
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FIG. 5: Triton laboratory scattering angle vs. kinetic en- 
ergy from ^®Ne-triton coincidences, in logarithmic scale. The 
curved loci represent 7 decays of states in ^^Ne. 
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FIG. 6; Triton laboratory scattering angle vs. kinetic en- 
ergy from ^^0-triton coincidences, in logarithmic scale. The 
curved loci represent oi decays of states in ^^Ne. 



these decays are hindered by ^ = 4 centrifugal barriers 
and low decay energies. As a result, no information on 
their a-decay branching ratios is given here. For the 
four highest-lying states, at excitation energies of 4.549-, 
4.600-, 4.712-, and 5.092 MeV, B^ was determined from 
the fits. 
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FIG. 7: Ne excitation energy spectrum obtained from Ne- 
triton coincidences, representing 7 decays of states in ^®Ne. 
No 7 decays of states above 5.092 MeV were observed. 
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FIG. 8: ^^Ne excitation energy spectrum obtained from O- 
triton coincidences, representing a decays of states in ^^Ne. 
There is no statistically significant evidence for a decays from 
states lying below 4.549 MeV. The a-decay threshold lies at 
3.529 MeV. 



A different procedure was required for the two astro- 
physically important states lying at 4.033- and 4.379 
MeV, from which no evidence of a decay was immedi- 
ately apparent. The a- and 7-decay spectra and their 
associated backgrounds were integrated in 100 keV bins 
centered at the known energies of the states. A Bayesian 
statistical analysis was applied to these data to ob- 
tain upper limits on Bq, at both the 90% and the 99.73% 
confidence levels. 

Table m contains our measured branching ratios, along 
with the results of Refs. ^, JdJ- Central values and la un- 
certainties are given where they could be obtained; upper 
limits are specified at the 90% confidence level. Uncer- 
tainties in the present branching ratio determinations are 
purely statistical. Where more than one measurement is 
available, a weighted average of Bq is also shown. An ex- 
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FIG. 9: Ne excitation energy spectrum obtained from O- 
triton coincidences in logarithmic scale, focusing on the region 
of astrophysical interest. The curve is the sum of a constant 
background and six Gaussians corresponding to known states 
in ^^Ne, the widths of which were fixed by the experimental 
resolution. 



ception is made for the 4.379 MeV state because the Bq 
determination of Ref. 9] was based on low statistics, and 
would more appropriately have been given as an upper 
limit. Since the present upper limit is more restrictive, 
it is adopted here. As no evidence for 7 decay of states 
lying above 5.092 MeV was observed, the observation of 
a decay from states at 5.424-, 5.539-, and 5.832 MeV is 
consistent with 100% a-decay branching ratios for these 
states. 



IV. DECAY WIDTHS 

Very few experimental data on the lifetimes or radia- 
tive widths of states in ^^Ne have been reported. The 
4.033 MeV state is the only one of the six states con- 
sidered here for which direct experimental measurements 
are available. The radiative width r..^ reported for this 
state I22 results from a combined analysis of Coulomb 
excitation and Dopplcr shift attenuation data [23|. In 
Ref. [221, these experimental data are combined with 
shell-model calculations of the E2/M1 mixing ratio 5 in 
order to reduce the uncertainties on the best-fit value. 
Since it is difficult to evaluate the theoretical uncertain- 
ties associated with this procedure, we adopt here the 
result of the analysis that assumes S to be completely 
unknown and is therefore based entirely on experimen- 
tal data, = ibtlf ^^eV Note that this choice 
differs from that made in Ref. 0|. We wish to be as 
conservative as possible here, so we opt for the value of 
based purely on experimental measurements, without 
theoretical input and its corresponding uncertainty. 

Measurements of F-^ for analog states in the mir- 
ror nucleus ^^F can be found for four of the states 
[19I 07 HE and these have been adopted under 
the assumption that r.y(^^Ne) = F..y(^^F). In the case 
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TABLE L Branching ratios B^ = Fa/T and decay widths. Upper hmits are specified at the 90% confidence level. 



E:, (MeV) 


J" 


Ba (present work) 


(Ref. [2]) B^ (Ref. fll]) 


Ba (adopted) 


(meV) 


Ref. 


r„ (meV) 


4.033 


3 + 
2 


< 4.3 X 10"" 




< 4.3 X 10"* 


45 tlf 


[22] 


< 0.13 


4.379 


7 + 
2 


< 3.9 X 10'^ 


0.044 ± 0.032 


< 3.9 X 10"^ 


458 ± 92 


[23j 


< 2.3 


4.549 


(§)- 


0.16 ± 0.04 


0.07 ± 0.03 


0.10 ± 0.02 


39 tit 


m 


4.4 tro 


4.600 


(D 


0.32 ± 0.04 


0.25 ± 0.04 0.32 ±0.03 


0.30 ± 0.02 


101 ± 55 


m 


43 ± 24 


4.712 


(D 


0.85 ± 0.04 


0.82 ± 0.15 


0.85 ± 0.04 


43 ± 8 


119] 


230 ± 80 


5.092 


5 + 
2 


0.90 ± 0.06 


0.90 ± 0.09 


0.90 ± 0.05 


107 ± 17 


[25, 26] 


960 ± 530 



of the 5.092 MeV state, r-y(i^F) has been derived from 
the measured resonance strength and the measured 
7-decay branching ratio [2B|- For the 4.379 MeV state, 
no measurements are available in either nucleus, and we 
adopt the results of shell-model calculations 23] , assign- 
ing a la uncertainty of 20% to the calculated electro- 
magnetic transition rate. Table HI shows the adopted val- 
ues of and Fq, which has been calculated as Ta — 
[Ba/{1 — Ba)]ry. The table contains central values and 
la uncertainties where they can be calculated, and upper 
limits where this is not possible. These 90% confidence 
level upper limits on Ta are based on 1.28cr upper lim- 
its on F-y. For comparison, Refs. §2^ i2^] contain earlier 
compilations of decay widths. 



ISOSPIN SYMMETRY 



It is of interest to compare the decay widths of states 
in ^^Ne with the corresponding widths in the mirror nu- 
cleus ^^F. This issue has been addressed in the past [2^ . 
but the availability of new data on ^^F makes it op- 
portune to reexamine this question. As no experimen- 
tal electromagnetic transition strengths for both a ^^Ne 
state and its analog in ^^F are available, we instead use 
all available information to compare their reduced alpha 
widths 9^- We compute these reduced widths via 



rf{E)Rn 

2nPe{E,Rn 



(1) 



where Ti(E) is the energy- and angular momentum- 
dependent partial width, R„ the nuclear radius, P^(E, 
R„) the Coulomb penetrability, /x the reduced mass, and 
E the center of mass energy of the resonance [s^- The 
penetrability is given by 



Fj {E, Rn) + G; {E, Rn) 



(2) 



where F and G are the regular and irregular Coulomb 
wavefunctions respectively. For simplicity, we assume 
that R,j = 5 fm for both ^^Ne and ^^F, as was done in 
Ref. 2^ . The results of this comparison are shown in Ta- 
bleini For all of the analog states in the T = 1/2, A = 19 
system examined here, the reduced a widths agree within 
the experimental uncertainties at the 2a level. 



VI. ASTROPHYSICAL IMPLICATIONS 



We have calculated the thermally averaged 
^^0(a,7)^^Ne reaction rate per particle pair as 



< av >= 



^in'Y,{u;j),exp{^), (3) 



where the sum runs over the resonances whose strengths 
are given by 



2J+1 



r r 



(2Ji5o-f-l)(2Jc« + l)Fa+F^ 



(4) 



In these equations, a is the reaction cross section, v the 
relative velocity, k the Boltzmann constant, T the tem- 
perature, E the center of mass energy of a resonance and 
J its angular momentum. The contributions of individ- 
ual states are shown in Fig. ^| Since we wish to be as 
conservative as possible in evaluating the reaction rate, 
the contributions of the 4.033- and 4.379 MeV states are 
calculated using our 99.73% confidence level upper lim- 
its on their a widths, 514 /leV and 5.6 meV respectively. 
These values were obtained using our upper limits on Bq 
and 3cr upper limits on F^ for these states. Also shown 
in Fig. ^1 is the sum of the individual rates and the di- 
rect capture contribution, which was calculated as per 
the prescription of Ref. ^31]. Although the contribution 
of the 4.549 MeV state is included in the sum, its indi- 
vidual contribution is not shown in the figure because it 
is so small. The 4.033 MeV state completely dominates 
the reaction rate at temperatures below 0.5 GK. Since 
hydrodynamic nova models indicate that peak temper- 
atures do not exceed this value P, Q, the 4.033 MeV 
state is the only resonance that need be considered in 
calculating the reaction rate in novae. 

The possibility of breakout from the hot CNO cycles 
into the rp process under the high temperature and den- 
sity conditions attained in the most massive ONe nova 
outbursts has been extensively discussed in previous work 
7]. In order to investigate this possibility, we have per- 
formed a series of hydrodynamic calculations of nova out- 
bursts on 1.35 Mq ONe white dwarfs using an implicit, 
spherically symmetric, hydrodynamic code in Lagrangian 
formulation 0. This code describes the entire outburst 
from the onset of accretion through the thermonuclear 
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TABLE II: Decay and reduced a widths in ^^Ne and ^^F. Upper limits are specified at the 90% confidence level. 



'Ne (MeV) ''■'F (MeV) J" ''^Ne (meV) (meV) {\25}) Oj (^^Ne) Qj ("F) 

4.379 4.378 |+ < 2.3 l-5to.| x 10"® < 0.095 0.0078t;;;;5or 

4.549 4.556 (§)" 4.4+2 ° 3.2±1.3 x 10"^ 0.0016lo;ooo7 0.0009 ± 0.0004 

4.600 4.550 (|+) 43 ±24 32 ± 4 x 10"^ 0.063 ± 0.035 0.12 ±0.01 

4.712 4.683 (f") 230 ± 80 1.9 ±0.2 0.012 ±0.004 0.020 ± 0.002 

5.092 5.107 1+ 960 ± 530 3.3 ±0.6 0.013 ± 0.007 0.00048 ± 0.00009 




0.25 0.5 

T(GK) 



FIG. 10: Product of the Avogadro constant Na and the ther- 
mally averaged rate of the ^^0(a,7)^^Ne reaction per parti- 
cle pair. Contributions from all of the important states are 
shown, along with the sum of the resonant and direct cap- 
ture rates. The contributions of the 4.033 and 4.379 MeV 
states are 99.73% confidence level upper limits calculated as 
described in the text. 



and Ai the atomic mass of nucleus i, and p is the mass 
density. The /3+ decay rate of a nucleus per unit volume 
is given by 

where ti/2 is its /?"'" decay half-life. As shown in Fig. 1111 
the i'50{a,7)i9Ne rate is less than 0.3% of the ^^O /3+ 
decay rate at all times throughout the whole accreted en- 
velope, including the hottest, innermost layer at its base, 
which is not ejected by the explosion. Hence more than 
99.7% of the ^^O nuclei synthesized in the nova outburst 
[3^ decay before they capture an a particle, and there 
is no significant CNO breakout via ^^0(Q;,7)^^Ne. More- 
over, as Fig. 111! illustrates, the contribution of ^^0(a,7) 
to the production of ^^Ne is greatly exceeded by the con- 
tribution of ^^F(p, 7), the rate of which is taken from Rcf. 
|3,l| . Thus our nova simulations support the conclusion 
drawn in Refs. 7, 14, 34] that the ^^0(a, 7)^^Ne reaction 
plays no important role in nova explosions. 



runaway, including the expansion and ejection of the ac- 
creted envelope. We assume a mass accretion rate of 
2 X 10~^° M0 yr~^ and 50% mixing between the solar- 
like accreted material and the outermost, ONe-rich shells 
of the underlying white dwarf. The mass, composition, 
and mass accretion rate were chosen in order to simu- 
late the most energetic, hottest novae, in which hot CNO 
breakout is the most likely. In the same spirit, we have 
employed in these simulations an extreme, 99.73% confi- 
dence level upper limit on the ^^0(a,7)^^Ne rate. This 
rate is a factor of 50 larger than that adopted in previ- 
ous work 12, j31j, i32|. For these reasons, our simulations 
would identify the role played by "'^^0(a,7)^^Ne in hot 
CNO breakout in novae, if there were any. 

In order to evaluate the potential of the ^^0(a,7) reac- 
tion to initiate breakout from the CNO cycles, we com- 
pare its rate with the ^^O /J"*" decay rate. We compute 
the rate per unit volume of a reaction involving distinct 
nuclei 1 and 2 

pNp^Xi pN aX2 

^ — nin2 < (TV < av >, (5) 

Ai A2 

where Ui is the number density, Xi the mass fraction. 



VII. SUMMARY 

In summary, we have measured the a-decay branch- 
ing ratios for all of the states in ^^Ne relevant to the 
astrophysical rate of the ^^0(Q;,7)^^Ne reaction, popu- 
lating them by means of the p(^^Ne,i)^^Ne reaction at 
43 MeV/u and observing their decays with 100% geo- 
metric efficiency in a magnetic spectrometer. Combining 
our measurements with independent determinations of 
the radiative widths of these states, we have calculated 
the astrophysical rate of ^^0(Q!,7)^^Ne. Using this rate, 
we have carried out a series of hydrodynamic simulations 
of nova outbursts. On the basis of these calculations, we 
conclude that there can be no significant enrichment of 
nova ejecta due to CNO breakout via ^^0{a,jY^Ne. 
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